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(57) Abstract 

Compounds represented by general 
formula (IX and reagents containing the same 
for determining nitrogen monoxide (wherein R^ 
and R* arc amino groups bonded to the phenyl 
ring at positions adjacent to each other; R^ R\ 
R* and R* are each independently Cj-C^ alkyl; 
R', R*, R' and R" are each independently 
hydrogen, Cj-C^ alkyl, allyl or haiogcno; R" is 
hydrogen or Ci-C„ alkyl; and X' is an anion). 
The compounds react with nitrogen monoxide 
efficiently to produce fluorescent compounds 
which emit intensive fluorescence when 
irradiated with a long-wavelength excitation 
light The fluorescent compounds are 
detectable in a fluorescence region wherein 
little influence of autofluorescence of cells is 
observed, and characterized in that the intensity 
of fluorescence is not lowered even under acid conditions. 
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m n m 

mm 

xmm^mm^^Lx\^^?>.ztmhMz.^hx^fz (m-tit^, 1994^4^ 
^wm-. 77>'i'"^v'7. 1997 ^sn^wm^ -mimm(Dmt:)ffk\x -mit 

3t&(Paliner, R.M. , et al. , Nature, 327, pp. 524-526. 1987) , 
tit'y{0zm)imit^tlX^C^metm>(Om:^^^ h/i-tm^t^:^^ (Kelm, 
M., et al., Circ. Res. 66, pp. 1561-1575. 1990). ^^^W^kZ^Li^AyXJ^ 
it^h^t^K^tl^m^X-^&t^^BiShihuki, L, Neurosci. Res. 9. 
pp. 69-76, 1990; Malinski, T. , Nature, 356. pp. 676-678, 1992), RX:^^V- 
P^R^^miGreen, L. C., et al. , Anal. Biochem. , 126, pp. 131-138, 1992) tlt^ 

i)^xmm:)JmtLx^hilx\^^^ mmttx. pm ^mm ^mm^^^h 

<7)7yn-f^l2.. NOJ, pp. 42-52, 3. NO :^^yi3}\'\^a. 
-|±I§?T : Archer, S.. FASEB J. , 7, pp. 349-360, 1993) » 
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A(Stainton, M.P., Anal. Chem. , 46, p. 1616, 1974; Green, L.C., et al. , Anal. 
Biochem., 126, pp. 131-138, 1982) -^t K7 v^>'(Sawicki, C.R. andScaringelli, 
F.P., Microchem. J.. 16, pp. 657-672, 1971) T NO,' ^ NO^' {CJlTcfCti^ 

MP^Mt LX 2,3-v^T^ /i-y^ u:/{2,3-diaminonaphthalene);65^fjixT 

VN2)o rco^^it. m\&^i'¥Tx m{ tKi^-^Lxlkitm^lJmxh^i-y^i^ 

7^-/1^ iit^^: l-[H]-naphtho[2,3-d]triazole) ^Jl^fi^l-^ (Wiersma, 
J.H., Anal. Lett., 3, pp. 123-132, 1970) « 2,2-i>7 ^ /i-y ^ t m; (D 

MUrXltmS^U^X^J-t^mersma. J.H., Anal. Lett., 3, pp. 123-132, 
1970; Sawicki, C.R., Anal. Lett., 4, pp. 761-775, 1971)o ttz. ^f^Ltzii 
Mi^it pH 10 JlJJl±-Cft'b^^J:<^)t^|g1-5(Damiani, P. and Burini,G., 
Talanta, 8, pp. 649-652, 1986) » 

ic+ nM a^t'fo •? , ^^y-TiRf&jil^Jt'^-C 50~100 i^h^^^Xh^ t\>^0 
^JUt/i^fcaCMisko, T.P., Anal. Biochem. 214, pp. 11-16, 1993) „ ttz. 

IfWiXh^ (J!^±II0VN-C. But LT DOJIN News. No. 74, Information NO 

O^iJ^^^ : 2, 3-Diaminonaphthalene, W^^^^Cit^^NWil . 1995) „ 
Lij^Ujit^h. -'mtUm^WXitfS:<t<Dmimxh^ m; ^BLJ^MtLX 

^^§<7)T^ -mi\:.mmmmt6m\z.ft^xmm£mxh^\ 

2,z-J7^y'-ry^i^yt no^- (Z)5ft^^^i?i4T(pH 2 ut) xffotz6i)^ 
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mm^<mn^m^^)fz^^^. mm^^t^'yvit^^ m^\t ptio ^^(d 

um(D-mimmiEm{^-^mx^^zt^muz im^ 7-189978 ^mm 
mm). ■ .: . 

H*3V^T 370-390 nm U^(Dmm^(Dm^^^m^-r^^^m^^h^<DX. 

^^ii^wrx—mitmtnii>^LRi:^^LxM^^ikm^i:^i-^ h y rz-^wb 

166-167 ^M#f-2-P-26. MfeA0*m^^lltT> 1996 ¥ 10 ^ 23 0)o 
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ti-^it^'^xhox. ^\mm^i^^'Xi,^^(r>m^f)^fi^M\:'^^^^^-t6 

Wi!i^^^^i!^r[^i^^^x-mitmt^mx.<Rjtx^. ^%^m\mn^fz h i; 
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R\ R\ RO^ R«;i53if-;Ug-C*)i9 ; R\ R\ R', W R'" ;!)57K^lii^-Cfc6±E 



COOR^^ 
R2^ 




t5-N=N-NR^'- (^4'. R*' {i7Ktl^^^. C,.„ 7;v=3f/wS. Xltt^^t<ttM 

^±og|^t/i{S:glct^t57 ^ y SRt/^ h DSM^^i:)-lir^*t : R° . 
R" . R" . R-^ ^ li^nm^^iKc C,^7;w=3i^;wSI:^L ; R" . R'' . R'' > 
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R''' . RU^ R" ;65x5^/uS-efo^ : R'' . R'' . R'' , RXf' i^T^m^'^'^h^ 

(I) x^^^ti^it^m-mitmtEjZ'^^^^xuiRxj^. (2) ±121^(1) ic 



tzMXh^o la4'^ (a) h/l- (Em. 580 nm). (b) l,i^it^-<i^ h 

;v (Ex. 565 ran) -mtm^mommX I: 0. 11 /zM, 2: 0.2UM, 3: 0.32 

mM, 4: 0.43mM, 5: 0.53aM. 6: 0.64^iM T'fcSo 

fzmvh^o Wm^. (a) RXJ^ih) tt^K^'tl N0C12 RUf^ N0C13 ^fflV>yh#^© 
^f:^^t. I. 2RXJ^Z ^m^l', 2'RXf2'it. mm 10 mM, 50 mM-R 

1131114. ^{ll)(Dit^(^ (DAR-IT) (7)t)t3lj^ ^ t <Olem (^I:^) 
(a) 1 mM L-Arg ^tt^^M-<:W.^Lfz'^(Dmt 

t (-r h 35 ^ : ; (b) \tmmm(ommm 

1 mM L-Arg ^^tflgJiT-t^Lfci^O^il::^^ L (-f y^^^-^- h 75 ^ : 
-mitmmt^m^mf^) ; (c) HXm(a) OitJ*^ l mM l-Arg + lO mM NMMA ^ 
^tf^ifiT'i:^tfc^(^^{k^r^-t i^y^a.-<-h 108 ^ : NOS PIU^PJ^^E 
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\,^xm^^RLfji\^^m^\at. c^^7ju^/i^m\mmx\t^^mo\^^-r^xi^x 

n-yf'/V'S. sec-:/f-/uS. tert- y^^/uS^^j^ if^lrfflv^^ ^ i: ii^Tt So ry- 

R\ R\ R\ RXJ^ ?^ \t^h'?h^^\:i c,^7/i^^ji^m^^ti>\ znh(Dmi>^ 
mi-7/i-^jvm\tm-'Xi,^tj:oX\^^Xhl\^\ Mi-ii. R\ R\ K\ RXI 

\,^-rtih:^i-^^^xhiit-^mt:^wn(Dmmmxh^. r" \tmw.^x 

mk-(^y. m-(:^y. ^B^:!ty. m^m^^:tyfj:}f(0^m'<:ty(Dm\ 

/^y7.ji^7i-^y^^ ty. p- h/u:ty7>/v*y^^;ry. B^^ty. ^^ym 
^ tyt£ i^<D^mk^ ty^m^^ r t i)^x^ 5o 

K\ R\ R\ Z^t/ R'" \i^fi^hnm:i7kmW->'f-. C,^7;\^^J\-m. ry/i-s 
(CH2=CH-CH2-) , X\ty^^¥ym'^^7rii-. ^^n^y^^tLXit. y-y^m^. 
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7tMtC^?:?f^/^tS-N=N-NR"-l^^1-o rr-C. R*' ttTK^l^i". il^Xf* 

So R^' s.tJ< R^^ {±7x-/u^±op^Lfc{4:g(-gmi-5r5ySR0 
{lii^jtri h ns^gr^-t, R" ;Rr;^R^^ ;65^l-r ^ /SliMg^•^*>o■c^<);v^>J^ 

t < \tmm^7 V -ji^mm^ uz c^^ t/w^/us^j: t'om^^^ 1 fcv^ 

R" . R'* , R® . Rt; R'' li^tim^aitl;! C,^ T/w^/i-S^r^td^ rttP) 
<7)Sd5^1-T;w^/wS(iP--et>M^^oTVNT't)cJ:v\ R'' ^ R" ^ R'' ^ 

Rx)^ R« ii\,^-rtiii:^^ji^mxh^it^mt:^mm(Dmfmmxh^. r" 

:ty<Dm\ /^y7.jut-ym^:ty. p-hJ^:^y7^M^y^-{:iry. 
y. i7 3^ym -^yti ^(d^W^^ irym^^^ r t f}>xt 5o 
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R" . . R'' , WR"" f)^hm\ffi^M.^m(r>m&:M.\tmm'^^htj:\^^f)\ 

A(^mm^^^^(^u^^x-^^m'^\^it^i■yTy'^^(o z-a. 4-&. <s. 

t;7-{4;6^b)i«n6&tl^gmtTVN5::t LVN, mm. R", R'\ R^. 
±E©^(I) (Oit'^ilhRXf^ai)(Dit^!l^ itztzL. R" Z^O^ R'' ;6J7xf^/u 

El-l^iS:Ji^fifei-5-N=N-NR*'-£i^^-rjk^#lt::oVN-Cli. ±E^(I) (0{t^mt 
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m m 

^&r6^tfi^^htix\^'^^i\ ^(i) RXJ^^ai)xm^ti^^^m<oit'km<r> 

it'^m^ii^^xnAm^ym-^^^^'t-f. miryb Lxm-r^rx\t\- 
xn^n^^^tyii'^^^Ui\^^th'^mt\z.n^\zmm^i\'i^o)c h 

y^^l('>'^Uzim'^mt^^ (I)' 'm (II)*^t;lT{c:^i- (-frti^'na) S 

x**)5)o J'jifc. ±E^(i) RO^^di), 3feu^tiJiE;^^-i=^i-*5v>-ci±, M 

'^^(D^m^>im^mL\^X^=i-nxv\^y9^>{iry-k%mh%^i^M. 

z.^^(D{Y.'^m^^^^x\inA i^y b u-ci^ffl-ts x - xti y - -c^^tisit 
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R2' r 



22 




(1/ (II) 

nin @^(7)liJ^?tiSrRB|^L/c^lIli{5i:^i*ll^$:^L/^v^;6^ ±E^(ll)<7) 

^k-^tI{il^C^^4^T^I*iV^r^ifeT3SV^:t)t (emission: 580 nm) ^^"t^it® 
0iJx.(i, pH 6.0-8.0 (D^H. ^Jtt<fi pH 6.5~7.8 0«iffl\ 
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X.^mL<\i pH 6.8-7.6 O^a-Ctf 9::ti&^T'#5o ^(IDT'^^ 

C,.„ T/W^/wScDfk'g'i^lt. ^nii!^7!)5il'j!t^mi LTWffl-Cfc6l5:6\ W 

^mm^Us '^^'MM^m\^:f3m^mcxno::.ti^x^^ m^if. 

Wiersma, J.H,, Anal. Lett,, 3, pp. 123-132, 1970; Savdcki, C.R., Anal. Lett., 
4, pp. 761-775, 1971; Damiani, P. and Burini, G. , Talanta, 8, pp. 649-652, 
1986; Damiani, P. and Burini, G. , Talanta, 8, pp. 649-652, 1986; Misko, T:P., 
Anal. Biochem. 214, pp. 11-16, 1993 tl:^(DWi7!l^^m-)o :^mm(D-mitm 
^ai^t^^iVNTIi, m^\t. miQitt Lt 565 nm m^'T^^t^rM t. 580 mU 
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n^fflitu mpiii. mmitik^titi ^m)MLxti\'\ :t'^i^m^i^tL 
x\t N-o, s-0. p-0 f£t^m^\mm^^m^^ti^t^'ym^i^'r^i\: 

^!^T'^i)tU^^I#{-IS^^i^i^«cv^;6^ PTI0(2- 7x^/W4. 4.5.5- r hy 

p^l^/W-Y ? >--!- t^'y\^: Maeda. H., et al. , J. Leuk. 

Biol., 56, pp. 588-592, 1994; Akaike, T., etal., Biochemistry. 32. pp. 827-832. 
l%2)tit\t^(Dm^iif^ (PTIO (^7x-yi/S© p-it{:iiJJi'^^'>/^M^^X^h 

IMM^'y Kib^tio 9 PTIO &t/-^(7)^#^^ (0ilx.{i:^>'V'*>e/ PTIO 
mtfim^^^. Organic Chemicals Catalog, 32, 1994 Ji^lcE^$ixrV^5)o 

t£< ti,m^i-^^-mi\:mm\:LMLx ini^^M.. mt<\t io-somm , 

J;i3$f*t<{i 10~20/iM m^(7)4-cfe6::<!::65$f*uv\ i:'<^il'J 
^-Clt. 10~20mM U^<om^&ir^ztimi^L\,^ii\ -^6*Jl- 

\t 10'-25ro?i.Jg®fflT'tT P w <i: ;6^i5r^-Ci)5o 
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^1 1 : DAR-1 [9-(2-carboxy-3,4-diaminophenyl)-6-diethylamino-3H-xanthen- 
S-ylideneldiethyl-iminium] <7)$Jja 

Li&ib(OUMX^'yi^y\,z.mM\^tz N.N-v^^f-/UT^ y 30 5^j6^t 

ijyJ^^u^h^yy^-xnWiU 3-T-fe: hT5 K-4- ^ hnp-^^y^^ 
ft: [9- (2-carboxy-3-amino-4-nitrophenyl) -6-diethylamino-3H-xanthen-3- 
ylidene]diethyl-iminium] ^#fco 
CzgHjiNA F. W. 503. 558 

'H-NMR (300MHz, DMS0-d6) 6 1.08(t, 12H. J=6.8). 3.35{q. 8H. J=6.8), 6.38(d, 
IH, J=8.6), 6.42(in, 4H). 6.67(d, 2H. J=9.8), 8.04(s, 2H), 8.33(d, IH. J=8.6) 
3-TirhT^ K-4- ^hnzj-"^ ^ymmi^^^m^XM^LXI^T 

miti- h ^ J^^m^X:^'¥xm5€Lfz. JiTcts v/ U >f /P;«7 7 A ^ p v h / 
yy^-XmULX^&J^ (DAR-l)$:#fc(m.p. 145 'C, decomp.) 
CzbHjjNA F. W. 473. 578, 
MS (EI) (m/z) M+ 473 

'H-NMR (300MHz, DMSO-de) 6 1.08(t, 12H, J=6.78), 3.33(m, 8H), 4.98(s, 2H). 
5.86(s, 2H). 6.06(d, IH, J=7.68), 6. 37-6. 41 (m, 4H), 6.55(d, 2H, J=8.6l). 



16 



wo 99/01447 

6.78(d, IH, J=7.68), lL95(s. IH) 
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: DAR-IEE [9-(3,4-diamino-2-ethoxycarbonylphenyl)-6-diethylaiDino-3H- 
xanthen-3-y 1 idene] diethyl iminium] (T^Mia 

m 1 X^mz. DAR-1 ^^^RXf:^ ^ J -/KDjg^tllC^j^ LT 2 B^fB^M Lfi„ 

C30H37N4O3 F.W. 501.628 
MS (EI) (m/z) M+ 501 

'H-NMR (300MHz, CDGI3) 6 0.66(t, 3H, J=7. 1), 1.33(in, 12H), 3.61(q, 8H,J=7.3), 
4.19(q. 2H. J=7.1). 4.55(s, 2H). 6.05(s. 2H). 6.33(d. IH. J=7.9), 6.74(d. 
2H. J=2.2), 6.83(dd. 2H. J=9.7. 2.2). 6.94(d. IH. J=7.9), 7.45(d, 2H. J=9.7) 

M 3 : DAR-IT [9-(7-carboxybenzotriazol-6-yl)-6-diethylamino-3H-xanthen- 
3-yl idene] die thy 1 iminium] O^i^ 

m 1 vn^titz DAR-1 ^ J LT NO 7.^^%yl.hft, KfS^ii^ 

m^^mz (m.p. 300TO±) o 
CjgHsoNoOj F. ff. 484. 558 

MS (FAB) (m/z) M+ 484 

'H-NMR (300MHz. DMSO-de) 61.10(t. 12H, J=6.4). 3.34(m, 8H). 6. 50-6. 71 (m. 
7H), 8.01(d, IH. J=8.1) 

Ex. 565 nm - Em.. 580 nm 

0.1 M ^)V^WmWi. (pH 7.4) Id lO/zM (D DAR-1 1:^)5? L. S'^r Ol^ (0.11 
mM, 0.21 \i% 0.32 mM. 0.43 mM. 0.53 \l% 0.64 [i%(r>-mc^%^'^1^ 
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m 



hyw (Em. 580 nin). (b) fit5t^^^ h/^ (Ex. 565 nm) ^TT^to -Bit 

-mitm^<omm.t LX^m&O mm^mxh^mm (Hrabie. J. A., J. Org. 
Chem., 58, pp. 1472-1476. 1993) (7) 9 ^ NOC- 12 (22'C. pH 7.4. 0. IM V ^^B. 

-mtm^^ DAR-l t Rf&^-tirfCo Kf&^^ t 0. IM V ^^^^^(pH?. 4) % 
m\ 10 M M C7) DAR-l {L^mi^^ilO M M, 50 M M. 100 M M) (0 NOC LX ZTC 
XRft^^^tZo '^%m^(DmtltEJt-'^Q^Wlt^hm-^L. aij^K^ti, Ex.565nm 
-Em.580nm tUZo 1^^m2\Lm1r. M^. (a)^^U«(b)lt^tl€tL N0C12 R 
t; N0C13 iM^^tz^-^m^z^TTsLX^ \,2RXy^2 I' , 2' RXf 3' li. 

iomm.50mm ru mnu<D NOC m^^i£.^^tzm'^(o^^^^Lx\^^ 
(DAR-iT) L-c*5 . -mitmm^iEm^^m ttz^mmmitmm 

0ij6 :^(i) 0i\:^^(D~mitmm^^& 

DAR-l d5-i?{k^^iSf&Lr4Bg1-5 h'JTi/-/Uf4:(D^^^iS,i^ 0. 1 M y 

(pH7.4) i;i^ft|LT, ii^tiAD{c:fSi:yb^)t«^M^miJt/Co 

1kit(r)M^^^\t Ex. 565 nm -Em. 580 nm t tfc, J^^SrS 3 , 
0ij7 ipHO^illCiS^J^tfb 

DAR-iT ^i^TKi;: 100 (Dfj^&xBMLtzo ^(Dmm^s tMMp^<ovy 

mmWm (78mM) inm tfl^X')\^1}\i^Xn^Rrf^%^^(^ 
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# • 

Wi^^n^tZo ^%(Om^^^n Ex. SeS nm -Em. 580 ran -Cfrofco i^H^ 
^r/T^-fo ^(D^^Ti^b. DAR-IT Ii4^tl:6>b pH4a^(^i^^ttMi^(c:43V^-C{i^ 
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